RNase H of a temperature-sensitive mutant of Rauscher murine leukemia virus is thermolabile, establishing this activity as a virus-coded function of the mammalian type C virus reverse transcriptase.
The replication of retroviruses involves the conversion of the single-stranded viral RNA genome into a double-stranded DNA molecule that integrates within the host cell genome. The synthesis of proviral DNA is catalyzed by a virion enzyme, the reverse transcriptase (1) . The reverse transcriptase isolated from the avian retrovirus consists of two subunits, a (60,000 to 70,000 molecular weight) and f? (90,000 to 110,-000 molecular weight), whereas the m lian viral enzyme consists of a single polypeptide chain of approximately 80,000 molecular weight (12) . Studies using temperature-sensitive mutants of avian (4, 12, 14, 15) and mammalian (9) retroviruses have established the virus-coded nature of their respective reverse transcriptases.
In addition to its RNA-directed and DNAdirected DNA polymerase activities, the reverse transcriptase catalyzes the degradation of the RNA moiety of DNA-RNA hybrids (RNase H, EC 3.1.4.34). Both degradative and synthetic functions of the avian viral enzyme reside on the a subunit. This has been shown both by copurification of these activities (2, 10) and by the demonstration that conditional lethal mutants with temperature-sensitive polymerase activities also have heat-labile RNase H activities (10) .
There have been conflicting reports regarding the origin of RNase H activity associated with mammalian retroviruses (5, 6, 11, 16, 17) . In the present study, analysis of a Rauscher mouse leukemia virus (R-MuLV) temperature-sensitive mutant with thermolabile polymerase activity (ts29) (9) , has made it possible to establish the virus-coded nature of its RNase H activity and to further define the physical association of RNase H activity with the mammalian reverse transcriptase.
Wild-type and ts29 viruses were grown in NIH/3T3 cells at 310C, and virions were harvested as previously described (9) . Double sucrose density gradient-purified virions were lysed with Nonidet P40 and subjected to sequential DEAE-Sephadex and phosphocellulose column chromatography (13, 14) . Reverse transcriptase and RNase H activities copurified through each step, confirming previous reports (3, 5, 11) . The peak fractions were pooled, and an aliquot was withdrawn for analysis on sodium dodecyl sulfate-containing polyacrylamide gels. By this technique, each enzyme preparation consisted of one major polypeptide of around molecular weight 75,000.
The average one-half times (t1/2) of heat inactivation of the purified reverse transcriptases from wild-type R-MuLV and ts29 are shown in Table 1 . It can be seen that both the DNA polymerase and RNase H activities of the mutant viral enzyme were two-to threefold more thermolabile than the corresponding activities from the wild-type R-MuLV. To further demonstrate that the increased thermolability of the mutant enzyme was due to a mutation in the viral genome, attempts were made to isolate a revertant and examine the thermal stability of its reverse transcriptase activities. ts29 appears to be a double mutant, restricted not only at an early step in infection due to its heat-labile reverse tanscriptase (9) , but also at a late step in the budding process (18). Thus, ts29 is highly stable to reversion to wild type. In an effort to isolate a wild-type revertant of ts29, the virus was passaged at high multiplicity of infection at the permissive temperature and then shifted to 390C after 7 days. By the sixth such virus transfer, there was continued release of virus with functionally active reverse transcriptase at the nonpermissive temperature. This virus was cloned by two cycles of passage at limiting dilution and shown by host range and immunological analysis of type-specific determinants of its gag, pol, and env gene products to be indistinguishable from parental R-MuLV (data not shown). The growth properties of the revertant, ts29, and wild-type viruses are compared in Table 2 .
To determine if phenotypic reversion was paralleled by reversion of its reverse trnscriptase to wild-type behavior, the heat inactivation properties of DNA polymerase and RNase H activities of the ts29 revertant were compared with the corresponding activities of ts29 and the wild-type parent. Figure 1 shows that the kinetics of heat inactivation of both the DNA polymerase and RNase H activities of the revertant were comparable to that of the wild-type viral reverse transcriptase. Therefore, both biological and biochemical parameters vary together during selection for reversion of the temperaturesensitive lesion in ts29. We purified reverse transcriptases of two other R-MuLV mutants, tsl7 and tsl9, which are also defective in early postpenetration functions and, hence, unable to establish infection at the nonpermissive temperature (7, 9) . In contrast to ts29, the lesions in these mutants did not appear to be associated with detectable thermolability of either synthetic or degradative activities of their reverse transcriptases (data not shown). Thus, the restriction to infection by these mutants does not appear to be associated with a measurable function of the viral enzyme. The thermolability of the RNase H associated with ts29 reverse transcriptase demonstrates that this activity, as weli as the DNA polymerase activity, are products of the mammalian type C viral genome and are localized to the same polypeptide chain.
A discrepancy exists between the thermolability of the ts29 reverse transcriptase and the marked impairment of its biological activity at the nonpermissive temperature. The magnitude of this block has been measured as around 100-fold by comparing the ability of a ts29 pseudotype of murine sarcoma virus to integrate the 
